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Abstract 

On Phillip Island, Victoria, Australia, many ground-nesting birds, such as Masked Lapwings Vanellus miles, 
breed in urbanised areas. While lapwings di er in adult maternal condition, parental defence and reproduc- 
tive success between urban and rural habitats on Phillip Island, no survey is currently available of territorial 
occupancy during the non-breeding season. We surveyed 1104 lapwings (21 were flagged) from a vehicle and 
traversed every road on Phillip Island during the non-breeding season (March 2011). We systematically col- 
lected sightings of individually flagged lapwings captured on nests, and found 41% of urban lapwings were on 
territory, almost double the rate (22%) of occupancy of rural territories. All laywings which remained on rural 
territories were located close to urbanised or human-maintained habitats. Although more research is needed, 
for this species, we hypothesise that urban habitats on Phillip Island appear superior to ex-urban habitats, 
perhaps because of the absence of Red Foxes Vulpes vulpes (which are usually at their most abundant in urban 
areas elsewhere), enhanced urban food resources, and the option of low-disturbance residential breeding sites 


in yards attached to holiday houses. (‘The Victorian Naturalist, 136 (3), 2019, 96-100) 


Keywords: Masked Lapwing, Vanellus miles, fidelity, movements, Phillip Island 


Introduction 
A key feature of anthropogenic modification of 


environments is the creation of extensive areas 
dedicated to food production, spatially sepa- 
rated from areas dedicated to providing hous- 
ing. This creates gradients within landscapes 
between ‘rural’ areas and urbanised (hence- 
forth ‘urban’) areas (McDonnell and Pickett 
1990). In some places, clear demarcation is evi- 
dent between rural and urban areas, especially 
where urbanisation is ongoing (McDonnell and 
Pickett 1990). Masked Lapwings Vanellus miles 
inhabit both urban and rural areas on Phillip 
Island, southern Victoria, Australia (Cardilini 
et al. 2013). The high population evident in 
urban areas on the island is likely to be related 
to invasive predator eradication (Craig Bester, 
pers. comm., 1 May 2018). Since 2006 an inten- 
sive Red Fox Vulpes vulpes eradication program 
has been implemented. In 2017 Phillip Island 
was declared fox-free and no sign (prints, scats, 
remote camera or tracker dog detections or 
confirmed sightings) of a fox had been detected 
in the two years preceding the declaration. In- 
deed, before fox eradication lapwing remains 
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were prominent at some fox dens on the island 
(Peter Dann, unpubl. data, 12 December 2018). 

In southern Australia, lapwings breed in 
winter (Chambers et al. 2008), and (at least on 
Phillip Island) urban birds realise enhanced 
maternal condition, parental defence and re- 
productive success compared with those in 
ex-urban areas (Cardilini et al. 2013). Within 
urban areas, yards of holiday houses with ex- 
tensive grass and an abundance of food are 
preferred (Roche et al. 2016a). Some birds, 
particularly passerines, exhibit higher-intensi- 
ty territorial defence, and greater tolerance of 
humans and novel stimuli, in urban compared 
with ex-urban areas (Evans et al. 2010; Fokidis 
et al. 2011; Lowry et al. 2011; Scales et al. 2011). 
This may result from habituation or local selec- 
tion for shy versus bold genotypes (van Don- 
gen et al. 2015). Lapwings are more aggressive 
to humans in urban environments (Cardilini et 
al. 2013) and carefully adjust parental defence 
to the threat of humans approaching nests (e.g. 
whether or not the human is using a lawn mow- 
er; Lees et al. 2013). 
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Most research on urbanisation in birds reports 
the negative effects of urban environments 
on them, and no study known to us exam- 
ines breeding territorial occupancy outside 
the breeding period. In general, occupancy 
of shorebird breeding territories outside the 
breeding period is poorly studied, though some 
shorebirds are known to visit their territo- 
ries during the non-breeding season (Weston 
and Elgar 2005). Holding territories outside a 
breeding season may serve to defend the ter- 
ritory and its resources, or to attract mates 
(Turpie 1995; Lanctot et al. 2000). The ben- 
efits of living on urban versus rural territories 
for lapwings are emerging, but it is unknown 
whether 1) territories are multiple use, in the 
sense they are maintained during the non- 
breeding period, and 2) whether occupancy 
varies between habitats. Here we surveyed a 
marked population of lapwings to index the 
occupancy of the species on its breeding ter- 
ritories during the non-breeding season. We 
surmised that occupancy may be lower on rural 
territories because of a restriction in food sup- 
ply (inferred from the poorer female condition 
in rural areas; Cardilini et al. 2013). Territory 
occupancy outside breeding may indicate high- 
er quality territories, and might serve to avoid 
costs associated with territory establishment. 
In a review of 22 studies of territory occupancy 
in 17 species, Sergio and Newton (2003) found 
occupancy always deviated from a random pat- 
tern in species in which it was tested and was 
always correlated with productivity and/or 
with some other measure of territory quality. 
Our survey is the most comprehensive avail- 
able to date for this species and locality and this 
also enabled us to report the minimum popula- 
tion size of lapwings on Phillip Island. 


Methods 

Phillip Island (38° 289 32" S, 145° 129 12" E) 
hosts a large population of lapwings, and con- 
sists of a matrix of urban and rural areas (see 
Cardilini et al. 2013). In 2010, adults were cap- 
tured on their (geolocated) nest using a larger 
variant of a walk-in trap, which incorporated a 
door for extraction of the captured bird (see Tan 
et al. 2015). Each adult was fitted with a unique 
alpha-alpha engraved leg flag which enabled 
subsequent identification (Australian Bird 
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and Bat Banding Schemes [ABBBS] author- 
ity 1763/4; Deakin University Animal Eth- 
ics, B02/2012; Government permit, 10005298). 
Young were captured by hand and were band- 
ed, but not flagged (only birds of flying age were 
flagged). This, plus many follow-up sightings, 
enabled us to clearly locate nesting locations 
and the extent of breeding territories, including 
for the breeding season preceding our count 
(see below) as lapwings generally maintain a 
pair bond and the same territory between sea- 
sons (Michael A Weston, unpubl. data, 1 Octo- 
ber 2018). Eggs and chicks were aged using the 
approaches outlined in Cardilini et al. (2013). 
We calculated laying and hatching dates from 
this data to illustrate the relevant breeding pe- 
riod (the incubation phase lasts c. 30 days and 
brood-rearing phase extends for c. 35 days after 
hatching). 

On 16 and 17 March 2011, AC and MW sur- 
veyed every publicly accessible road on Phillip 
Island and counted every lapwing encountered, 
noting age, location, and flag status (and iden- 
tification, if applicable). We drove slowly, stop- 
ping frequently, and surveying all areas with 
binoculars. Territories where birds had been 
flagged were comprehensively searched. The 
weather was fine and still, and no road was 
counted twice. Our survey took place during 
the non-breeding period (Fig. 1), and we were 
able to compare the position of each marked 
bird from its nest site during the preceding 
breeding season, and determine if it was pre- 
sent within its breeding territory (i.e. the area 
in which it was seen while breeding in the pre- 
vious breeding season). 


Results 

We counted 1104 lapwings on Phillip Island. 
The minimum urban population was 536 (for 
21 we were unable to determine flag or band) 
and we counted 568 birds in rural or beach ar- 
eas (75 of which we were unable to determine 
flag or band). We found 21 flagged birds (7 in 
rural areas, 14 in urban areas). Flagged birds 
were always seen with at least one and never 
more than four other birds (consistent with the 
idea that these were family groups). Banded 
offspring (fully grown) were seen with flagged - 
adults on two occasions, suggesting at least 
some family groups stay together for a time 
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Fig. 1. The timing of the survey in relation to the Pree season (date of egg laying and egg hatching from 
at 


four breeding seasons). Light grey bars represent laying 


es (derived from egg floats) and dark grey bars 


represent hatching dates (derived from captured chicks). Overlapping egg and chick bars are medium grey. The 
vertical dashed line indicates the date of the lapwing count survey (16-17 March 2011). 


after the breeding season. Birds were not seen 
in the urban, higher elevation areas of Wimble- 
don Heights and Smiths Beach. 

Birds that maintained territory were usually 
within one hundred metres of their 2010 nest 
site (n = 67 sightings; Fig. 2). A General Lin- 
ear Mixed Model examining distance from nest 
(logged), featuring bird identity as a random 
effect, and breeding versus non-breeding sea- 
son and habitat as fixed effects, revealed a sig- 
nificant interaction between habitat and season 
(F, 5,95) = 9.439, p = 0.014). Birds in rural areas 
occurred further from their nest sites during 
the non-breeding period compared with urban 
birds (Fig. 2). 

We found 41% of urban territories were occu- 
pied (14 out of 34 birds flagged in 2010), com- 
pared with 22% of rural territories (6 out of 27 
birds flagged in 2010). This difference was sta- 
tistically significant at a = 0.10 (Fishers Exact 
Test, p = 0.098, one-sided) and would likely be- 
come more so with further replication. Of the 
seven flagged birds that we saw in rural habi- 
tats, all but one had remained on its previous 
territory. Six of the seven rural birds sighted 
on-territory during the non-breeding season 
had territories on rural land that was directly 
next to urban habitat, i.e. within tens of metres. 
Only one rural bird maintained a territory that 
was not close to urban habitat. However, this 
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Rural 


Urban 
Habitat in 2010 


Fig. 2. The distance of flagged lapwings from their 
2010 nest site during sightings in the 2010 breeding 
season and during sightings in the subsequent non- 
breeding season. The furthest left boxes in each habi- 
tat include within-breeding season sightings, while 
the furthest right boxes in each habitat include out- 
of-breeding season sightings. 


bird’s habitat was on the well-kept grounds of 
the Phillip Island airport. We did not find any 
birds maintaining territory on rural land that 
was distant (> 1 km) from urban or human- 
maintained habitats, nor did we find any rural 
breeding birds in urban areas. 
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Discussion 

Our findings stem from a single (but intense, 
systematic and comprehensive) survey during a 
single non-breeding period, but suggest that, at 
least during this non-breeding period, our in- 
dex of territory occupancy was higher in urban 
territories. This finding is consistent with our 
predictions, based on lower food availability in 
rural territories. Urban areas on Phillip Island 
may have a more consistent and diverse food 
supply associated with regular garden mainte- 
nance and watering, and experience fewer nat- 
ural predators (Cardilini et al. 2013, Roche et 
al. 2016a). This contention that rural territories 
have fewer prey resources needs to be explicitly 
tested by directly measuring food resources. 
However, indexing the food of lapwings is dif- 
ficult, as pitfall trapping does not reflect the 
items in lapwing diet (Roche et al. 2016b). For 
lapwings, measuring earthworm abundance 
and availability will be required. 

Several alternative explanations for our results 
apply. The first is that the more extensive rural 
habitat on the island allows rural birds to move 
further than urban birds and still inhabit equiv- 
alent habitat. We think this is unlikely because 
of the scale of urban areas and options to move 
out from urban territories. We have observed 
many non-breeding flocks during both breed- 
ing and non-breeding seasons in both urban 
and rural areas, including on rooftops in urban 
areas (Michael A Weston, unpubl. data, 1 Oc- 
tober 2018). Lapwing territory densities could 
be higher in urban areas (unmeasured, and dif- 
ficult to measure due to the fine-scale matrix 
of private property), and so more competition 
for territories may exist there, encouraging ter- 
ritory fidelity. This possibility also warrants in- 
vestigation. 

Another possible explanation for our find- 
ings is that rural lapwings, with reduced fe- 
male body condition and a greater array. of 
natural predators (Cardilini et al. 2013), may 
experience lower inter-seasonal survival. We 
do not have sufficient data to model survival 
of lapwing adults, but we have observations of 
flagged adults being taken by predators such 
as Swamp Harrier Circus approximans in rural 
areas (L Renwick, pers. comm., 11 September 
2013). Finally, detectability of lapwings may 
differ between urban and rural environments. 
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However, we experienced higher detectability 
in rural rather than urban locations (Michael A 
Weston, pers. obs., 1 October 2018), suggesting 
that this cannot explain our results. 

Some studies show advantages to urban 
populations of birds (Isaksson et al. 2018), al- 
though the mechanisms through which this oc- 
curs are varied and likely not fully elucidated. 
In our simple, one-off survey, the case for rural 
territories being potentially ‘suboptimal in re- 
lation to urban territories, is strengthened by 
illustrating another dimension in which urban 
and rural lapwings differ. Poor food supplies on 
rural territories may also explain other docu- 
mented differences: reduced female condition, 
less vigorous parental defence, and poorer re- 
productive success for rural birds (Cardilini et 
al. 2013). Two features of our study system may 
differ from other ecosystems, and explain these 
apparent advantages to urban-dwelling lap- 
wings. Firstly, the absence of introduced foxes 
as a predator on the island, which themselves 
are highly urbanised in the region (Marks and 
Bloomfield 1999), may remove this potential 
disadvantage of living in urban areas. Secondly, 
the presence of infrequently used residential 
properties in the urban matrix (e.g. holiday 
homes) means that the effects of human distur- 
bance, which are prevalent in most urban envi- 
ronments, can be avoided (Roche et al. 2016a). 
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An exploration of the capacity of a database generated by post-fire 
vegetation monitoring to yield useful information about responses of 
individual species to fire 


Mary Ellis*, Lorraine Norden and Margaret Rowe 


*Corresponding author: maryellis2@bigpond.com 


Abstract 

This study explores the usefulness of a large database generated by post-fire vegetation monitoring at Wilsons 
Promontory National Park by looking at the response of two species each of Banksia (canopy species), Pulte- 
naea (understorey species) and Xanthosia (ground cover species). The responses of the two Banksia species 
differed. There was limited recovery of Coast Banksia Banksia integrifolia, but vigorous regeneration of Saw 
Banksia B. serrata. The Pultenaea and Xanthosia species recovered well following fire. (The Victorian Naturalist, 
136 (3), 2019, 100-108) 


Key words: fire, vegetation monitoring, Wilsons Promontory, Coast Banksia Woodland (EVC 2), 
Coastal Dune Scrub Mosaic (EVC 1) 


Introduction 


There have been two major fires in Wilsons 
Promontory National Park (the Prom) this 
century. The first was in 2005 after an ecologi- 
cal burn near Tidal River escaped its planned 
boundaries. The fire was fanned by a hot, 
northerly wind and burned 6500 ha of the 
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southern half of the Prom in less than 24 hours, 
extending from Tidal River tu the Lighthouse. 
‘The fire formed a mosaic of intensities, rang- 
ing from low to high with occasional areas 
remaining unburnt. The second fire occurred in 
2009 and was started by a lightning strike in the 
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Cathedral Range. Fanned by easterly winds, it 
travelled north-west over four weeks and finally 
died out about 7 km from the Yanakie Entrance 
to the Prom. This fire was less intense than that 
of 2005, but also formed a mosaic of intensities. 

Following the first fire, a group of volunteers, 
the Promnaides, worked under supervision of 
Parks Victoria rangers to monitor recovery of 
the Coastal Grassy Woodland, previously iden- 
tified as being in moderate to poor condition 
(Parks Victoria 2017). Two Ecological Vegeta- 
tion Classes or EVCs (Davies et al. 2002) from 
this ecosystem type were selected for study 
due to their generally poor condition and the 
invasion of Coast Tea-tree Leptospermum 
laevigatum (Burrows 2007; Ellis 2013). These 
EVCs were Coast Banksia Woodland (EVC 2) 
and Coastal Dune Scrub Mosaic (EVC 1). All 
data were entered on a Parks Victoria database 
(PROM_VegPlot Data). 

In following years, the vegetation monitoring 
was extended to include small mammal trap- 
ping sites located throughout the Prom in other 
EVCs. Coincidentally, the 2009 fire affected 
some of these sites, providing the opportunity 
to add pre- and post-fire data from these EVCs 
to the study. The other area added to the study 
was the site of a controlled ecological burn in 
2002, burnt again in the 2009 fire. This was a 
small area north of Darby Saddle where Saw 
Banksia B. serrata was the canopy species in 
Banksia Woodland (EVC 14). 

Factors that affected the variability of the data 
were (1) the time it took to collect data at four 
quadrats each visit; (2) the distance to travel to 
sites, resulting in work on quadrats in the same 
area (it was not possible to visit each area every 
year nor always in the same season); and (3) the 
addition of new sites as the project progressed 
without continuous scientific oversight, mak- 
ing the size of the total project unwieldy. 

After 10 years, monitoring was discontinued 
because many of the sites had become impen- 
etrable thickets of understorey species such as 
Coast Tea-tree and Coast Wattle Acacia longifo- 
lia subsp. sophorae. It was intended that the in- 
formation in the database, which included data 
on all species in the locations studied, would be 
useful for the future management of the Prom 
with respect to the appropriate frequency of 
controlled burns. 
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To explore the usefulness of the database, data 
were extracted for six species to examine their 
response to fire: Coast Banksia Banksia integri- 
folia; Saw Banksia B. serrata; Large-leaf Bush- 
pea Pultenaea daphnoides; Soft Bush-pea P. 
mollis; Cut-leaf Xanthosia Xanthosia dissecta 
and Hill Xanthosia X. tridentata. 


Methods 

Data were extracted for two species within 
each of the three genera to enable comparison 
within each genus. Coast Banksia was of inter- 
est as it was in serious decline for unknown 
reasons, while Saw Banksia was doing well. Our 
field observations and botanical knowledge of 
the Bush-peas and Xanthosias suggested they 
were significant plants. They were widespread 
throughout the Prom, resulting in reasonable 
sample sizes, and they represented understorey 
and ground cover plants respectively. 

The database was generated from field data 
recorded between 2006 and 2015. More than 
100 permanent 20 m x 20 m quadrats were 
established in various locations in the Prom. 
In each of these, five 1 m x 1 m quadrats were 
established, one in each corner and one in the 
centre, and all species present within the small- 
er quadrats were recorded. During the initial 
data collection, post-fire height was measured 
for both living and dead canopy plants in the 20 
m x 20 m quadrats. Dead plants were not meas- 
ured in subsequent years. The data recorded for 
both understorey and ground cover species in 
1 m X 1 m quadrats were: number of plants/ 
stems; per cent cover; and minimum and maxi- 
mum height (Burrows 2007). 

Variation occurred in the measure of per cent 
cover for plants. From 2006 to July 2012, per 
cent cover was recorded using the Braun-Blan- 
quet scale (Table 1). For a brief time, from Au- 
gust 2012 to January 2013, it was recorded as a 
percentage. Then the Domin scale (Table 1) was 
used until the work was discontinued in Janu- 
ary 2015. The earlier data used in this study was 
adjusted so that per cent cover was converted to 
the Domin scale. In order to under- rather than 
over-estimate per cent cover, all conversions to 
the Domin scale were to the lower value shown . 


*in Table 1. 


Tolsma and Cheal (2012) recommended re- 
cording per cent cover only for ground cover 
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Table 1. Per cent cover (%) as Braun-Blanquet or 
Domin scales. 


Braun- % Domin % 
Blanquet 
+ 1 ay ] 
1 2-5 3 14 
4 5-9 
2 6-24 5 10-24 
6 25-32 
3 25-49 7 33-49 
4 50-74 8 50-74 
5 75-100 9 75-94 
10 >95 


species. This practice was implemented after 
2012. 

The database did not indicate the absence of 
canopy in quadrats where there was no cano- 
py. These quadrats were either on heathland, 
where the vegetation did not grow above 1.5 
m, or where the canopy had been destroyed by 
fire. This absence should have been recorded as 
zero. After 2012, the cover provided by the un- 
derstorey and canopy was measured as a single 
measurement of cover and zero was recorded 
where appropriate. 


Habitats and data used 
Coast Banksia occurs in the EVCs Coast Dune 
Scrub Mosaic (EVC 1), Coastal Banksia Wood- 
land (EVC 2) and Riparian Scrub Complex 
(EVC 17). Saw Banksia occurs in the EVCs 
Banksia Woodland (EVC 14), Sand Heathland 
(EVC 6), Sand/Wet Heathland Mosaic (EVC 
307) and Heathy Woodland (EVC 48). The 
Banksias are the dominant canopy species in 
these EVCs. For the Banksias in the 20 m x 20 m 
quadrats, the proportion of dead plants and live 
plants, the per cent cover and minimum and 
maximum heights were used to show the qual- 
ity of the canopy. For the canopy of Coast Bank- 
sia, where some trees were dead, the proportion 
of dead trees in unburnt 20 m x 20 m quadrats 
indicated the amount of stress a species was 
under pre-fire and could be compared with the 
proportion that were dead after fire. Data from 
the 1 m x 1 m quadrats were used to capture any 
regeneration by seedlings or root suckers. 

The EVCs where Bush-peas and Xanthosias 
occur are more widespread and variable; they 
include Damp Forest (EVC 29) and Lowland 
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Forest (EVC 16), Sand (EVC 6) and Wet (EVC 
7) Heathlands and are found in the same EVCs 
as the Banksias. For these species, the number 
of plants, per cent cover and minimum and 
maximum heights were used to determine the 
response of seedling regeneration post-fire and 
the longer-term recovery in size to maturity. 


Results 

Coast Banksia 

Data gathered for Coast Banksia (Fig. 1) in 
2006/7, the first season after the 2005 fire, 
compared burnt and unburnt quadrats (Table 
2). Fourteen of 20 (70%) trees were dead in 


~ burnt quadrats, while 32 of 59 (54%) were dead 


in unburnt quadrats. The proportion of dead 
compared to living trees in unburnt quadrats 
suggests this species was under threat before 
the fire. Not surprisingly, fire increased the pro- 
portion of dead trees. In Tables 3 to 8, data for 
burnt and unburnt quadrats were combined. 
Table 3 shows that in 2006/7 60 per cent of 
the mature Coast Banksias were dead. Over the 
next few years, many fell. By 2014, the regrowth 
of the understorey in Coast Banksia quadrats 
had made the sites impenetrable and unsafe for 
volunteers. 
Within six of the 1 m x 1 m quadrats (Table 4), 
a dead trunk occupied the whole quadrat. For 
this reason, the data from those six quadrats are 
shown separately in the top line of the table. In 
all other quadrats, living Coastal Banksia plants 
were seedlings. There was little recruitment in 
the four to eight years after the fire and com- 
paratively little change in size of plants or per 


Fig 1. Coast Banksia Banksia integrifolia, Wilsons 
Promontory. Photo Lorraine Norden. 
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Table 2. Data for canopy of Coast Banksia in burnt and unburnt 20 m x 20 m quadrats where this species was 
recorded (n) and the mean of each measurement (N: number of plants; D: Domin scale; Min: minimum height; 
Max: maximum height). Per cent cover of dead trees was not recorded. 


Year n N D Min (m) Max (m) 
Burnt 

2006/7 — dead trees 18 14 4.5 93 
2006/7 — living trees 7 6 4 6.3 13 
Unburnt 

2006/7 — dead trees 5 32 3.7 11.2 
2006/7 — living trees 6 27 5 5.7 14.2 


Table 3. Data for canopy of Coast Banksia showing number of 20 m x 20 m quadrats where this species was 
recorded (n) and the mean of each measurement (N: number of trees; D: Domin scale; Min: minimum height; 
Max: maximum height) and the number of years post-fire. The number and heights of dead trees were re- 
corded, but not per cent cover. 


Year n N D Min (m) . Max (m) Years post-fire 
2006/7 — dead trees 23 20 5 11.3 1 
2006/7 — living trees 13 13 5 6 13.5 1 
2008 — living trees 2 2 1 1.75 2.25 3 
2009 — living trees " 8 3 8.7 13 4 
2010 — dead trees 2 32 5 
2010 — living trees 2 4 1 3.6 4.4 5 
2011 - living trees 8 11 3 5.3 10.7 6 
2012 — living trees 4 3 2 3.2 4.7 7 
2013 -— dead trees 17 12 3.9 11.4 8 
2013 — living trees 7 9 3 5.4 11.4 8 


Table 4. Data for 1 mx 1m quadrats of Coast Banksia showing the number of quadrats where this species was 
recorded (n) and the mean of each measurement (N: number of plants; D: Domin scale; Min: minimum height; 
Max: maximum height) and the number of years post-fire. 


Year n N D Min (mm) Max (mm) Years post-fire 
2006/7 — dead trees 6 1 9 1240 1240 1 post 2005 
2006/7 - living trees 11 2 3 55 61 1 post 2005 
2009 - living trees 4 1 1 55 55 4 post 2005 
2010 — living trees 2 1 1 165 165 5 post 2005 
2011 — living trees 3 1 1 160 160 6 post 2005 
2013 - living trees 2 1 1 60 60 8 post 2005 


cent cover, suggesting that the decline of Coast 
Banksia was continuing. 


Saw Banksia 

Saw Banksia (Fig. 2) occurs in three EVCs in 
the northern section of the Prom: Sand Heath- 
land, Sand Heathland/Wet Heathland Mosaic 
and Heathy Woodland. It was not recorded af- 
ter the 2005 fire in the southern section of the 
Prom. The canopy data (Table 5) in 2008 rep- 
resent the sixth year post the 2002 controlled 
burn and the data in 2015 represents six years 
post the 2009 fire. The data from both are com- * 
parable. Unlike Coast Banksia, Saw Banksia re- Fig 2. Saw Banksia Banksia serrata, Wilsons Promon- 
generated well. There were no dead trees. tory. Photo Lorraine Norden. 
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Table 5. Data for canopy of living Saw Banksia showing the number of quadrats (n) where this species was 
recorded and the mean of each measurement (N number of plants, D Domin scale, Min minimum height, Max 


maximum height) and the number of years post-fire. 


Year n N D 
2008 ¥ 7 3 
2010 2 7 1 
2011 5 3 4 
2012 1 35 5 
2013 2 48 4 
2014 4 4 2 
2015 2 7 2 


Min (m) Max (m) Years post-fire 
3.6 5.3 6 post 2002 
3.3 5.5 1 post 2009 
4:3 5.6 2 post 2009 
0.5 6 3 post 2009 

l 5.5 4 post 2009 
15a =, 5.6 5 post 2009 
0.4 *) 6 post 2009 


Table 6. Data for 1 m x 1 m quadrats for Saw Banksia showing the number of quadrats where this species was 
recorded (n) and the mean of each measurement (N: ntimber of plants; D: Domin scale; Min: minimum height; 
Max: maximum height) and the number of years post-fire. 


Year n N D 


2008 
2010 
2011 
2012 
2013 
2014 
2015 


BmwWUO WN 
See ee eNh 
DAN fee NL 


Table 6 shows there was an increase in recruit- 

ment three or four years after the fire, possibly 

a response to the flood in 2011. From the height 

data, it is assumed that many of the seedlings 

did not survive the hot dry summers in the fol- 
- lowing years. 


Bush-peas 
For shrubs and ground cover species, only data 
from 1 m x 1 m quadrats were considered. 

The data for Bush-pea species is shown in 
Tables 7 and 8. (See also Figs 3 and 4 for illus- 


Min (mm) Max (mm) Years post-fire 
175 225 6 post 2002 
256 864 1 post 2009 
167 167 2 post 2009 
178 181 3 post 2009 
1590 1590 4 post 2009 
300 310 5 post 2009 

2627 2627 6 post 2009 


trations of the species). In the first year post- 
fire, there was recruitment of seedlings, but, 
the number of stems decreased thereafter. By 
five years after fire, both species had reached 
their full height (1-3 m) and there was 5-10 
percent cover (D=4 or 5). Survival of seedlings 
may have been affected by competition, hot dry 
summers and grazing of these species. 


Xanthosias 

The number of plants, per cent cover and 
growth recorded for Cut-leaf Xanthosia in 
burnt areas (Table 9) appear to be very similar 


Fig. 3. Large-leaf Bush-pea Pultenaea daphnoides. 
Photo Lorraine Norden. 
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Fig. 4. Soft Bush-pea Pultenaea mollis. Photo 
Margaret Rowe. 
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Table 7. Data for Large-leaf Bush-pea showing the number of quadrats where this species was recorded (n) and 
the mean of each measurement (N: number of plants; D: Domin scale; Min: minimum height; Max: maximum 


height) and the number of years post-fire. 


Year n N D 
2008 18 4 3 
2010 22) 13 3 
2012 1 4 1 
2013 16 9 4 
2014 1 2 1 

1 3 


Min (mm) Max (mm) Years post-fire 
626 984 3 post 2005 
200 449 1 post 2009 
230 710 3 post 2009 
1081 1851 4 post 2009 
340 440 5 post 2009 
1510 1510 6 post 2009 


2015 7 


Table 8. Data for Soft Bush-pea showing the number of quadrats where this species was recorded (n) and the 
mean of each measurement (N: number of plants; D: Domin scale; Min: minimum height; Max: maximum 


height) and the number of years post-fire. 


Year n N D Min (mm) Max (mm) Years post-fire 
2010 2 11 1 840 1325 5 post 2005 
2008 1 1 cH 280 280 pre 2009 fire 
2010 23 17 2 156 399 1 post 2009 
2012 17 12 3 424 1079 3 post 2009 
2014 17 10 4 519 1188 5 post 2009 
2015 2 3 5 1500 2250 6 post 2009 


to those that were in unburnt areas (Table 10), 
although there were fewer quadrats in the latter. 

Hill Xanthosia occurred much more frequently 
and in more EVCs than Cut-leaf Xanthosia, but 
like Cut-leaf Xanthosia showed no particular 
effects due to fire (Tables 11 and 12), although 
recruitment was greatest three to five years after 
the fire. 


Discussion 

Post-fire response of species 

The Coast Banksias around Oberon Bay were 
severely diminished by the 2005 fire. This whole 


Fig. 5. Cut-leaf Xanthosia Xanthosia dissecta. Photo 
Margaret Rowe. 
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area had been heavily invaded by Coast Tea- 
tree with the result that the fire was particularly 
hot at canopy height. Had it been a grassland 
fire, the Banksias would have stood a greater 
chance of surviving (Jim Whelan, pers. comm., 
October 2017). Nearly 500 mature Coast Bank- 
sias were burnt and many died (Table 2). The 
size of the dead trunks, all of which were meas- 
ured in the first twelve months after the fire, 
gives an indication of how many large trees a 
healthy ecosystem had supported. Regenera- 
tion was slow and limited, with few seedlings. 


Fig. 6. Hill Xanthosia Xanthosia tridentata. Photo 
Margaret Rowe. 
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Table 9. Data for Cut-leaf Xanthosia in quadrats burnt in either the 2005 or the 2009 fire showing the number 
of quadrats where this species was recorded (n), the mean of each measurement (N: number of plants; D: 
Domin scale; Min: minimum height; Max: maximum height) and the years post-fire. 


Year n N D Min (mm) Max (mm) Years post-fire 
2006 1 1 3 60 60 1 post 2005 
2007 8 8 2 33 55 2 post 2005 
2009 1 2 1 20 20 4 post 2005 
2010 18 7 1 40 61 1 post 2009 
2011 vi 2 1 46 56 2 post 2009 
2012 4 1 3 post 2009 
2013 3 1 4 post 2009 
2014 6 1 5 post 2009 


——— ee ee ee aE eee, 
Table 10. Data for Cut-leaf Xanthosia in unburnt quadrats showing the number of quadrats where recorded 
(n), the mean of each measurement (N: number of plants; D; Domin scale; Min: minimum height and Max 
maximum height). 


Year n N D Min (mm) Max (mm) 
2006 1 1 1 60 60 
2007 1 1 1 50 50 
2008 2 2 1 35 40 
2009 3 2 1 35 37 


ee 
Table 11. Data for Hill Xanthosia in quadrats burnt in 2005 showing the number of quadrats where recorded 
(n), the mean of each measurement (N: number of stems; D: Domin scale; Min: minimum height; Max: maxi- 
mum height) and the years post-fire. . 


Year n N D Min (mm) Max (mm) Years post-fire 
2006 r 2 1 35 35 1 
2007 8 ws} 1 37 106 2 
2008 4 3 1 95 105 3 
2009 1 2 1 100 120 4 
2010 4 18 2 73 99 5 
2011 10 12 1 119 202 6 
2012 64 3 7 
2013 2 1 8 
2014 44 2 9 


————— a 
Table 12. Data for Hill Xanthosia in quadrats unburnt in 2005 showing the number of quadrats where re- 
corded (n), the mean of each measurement (N: number of stems; D: Domin scale; Min: minimum height; Max: 
maximum height). 


Year n N D Min (mm) Max (mm) 
2007 1 1 1 30 30 
2008 17 fi 2 72 199 
2010 2 1 1 50 50 


It is probable that the trees were already under 
stress before the fire. Approximately 54% of the 
trees were dead in the unburnt quadrats while 
70% were dead in the burnt quadrats (Table 2). 
Populations of Coast Banksia have been subject 
to die-back in many locations from the Morn- 
ington Peninsula to the Prom. Among possible 
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causes are borer attack, drought stress and 
pollution (Barraclough 2009). Further studies 
are underway at the Prom under the supervi- 
sion of Jim Whelan, Ecological Restoration 
Project Officer Yanakie Isthmus Grasslands 
Restoration. The Prom’niaides are working with 
him on this project where appropriate. 
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By contrast, after the 2009 fire, Saw Banksias 
regenerated well, and the EVCs where they oc- 
cur appear to be in vigorous health with mature 
trees and a dense species-rich understorey, in- 
cluding Soft Bush-pea. This fire was not as se- 
vere as the 2005 fire, being slow burning from 
the Cathedral Range to the north of the Prom 
over a period of four weeks. The 2005 fire burnt 
from Tidal River to the Lighthouse in a day. 

Bush-pea species are prominent in most habi- 
tats in southern Australia with reliable rainfall 
(Elliot and Jones 2002). They can dominate the 
vegetation as they germinate en masse follow- 
ing a fire. 

This was seen dramatically in the spring fol- 
lowing the fires, when the southern slopes of 
Darby Saddle Track were coloured reddish- 
brown with the flowers of Large-leaf Bush-pea, 
and in late winter the edge of Five Mile Track 
was yellow with the flowers of Soft Bush-pea. 

The role of Xanthosias in stabilising the soil 
could not be determined in this study of reveg- 
etation after fire, but the two species included 
in this report recovered within two years and 
were still present up to nine years post-fire. 
They do not appear to rely on fire for germina- 
tion (Tables 9, 10, 11 and 12). 


Usefulness of the database 

There are only a few long-term studies of re- 
generation of vegetation after fires. One that 
was organised and sustained by volunteers was 
conducted after the 1983 wildfire in Anglesea 
by Wark (2000). The methodology and analysis 
were different from those used in the Prom pro- 
ject and they benefited from having one person 
managing the collection of data, analysis and 
reporting. The Anglesea project confirmed 
that the vegetation of the local area was both 
extremely diverse and resilient. Wark (2000) re- 
ported similar key findings to the Prom project; 
most plants regenerated by regrowth, some 
from seed only and some by both regrowth and 
from seed, and structural recovery occurred in 
seven to ten years. 

The Prom project methodology was designed 
by a visiting Canadian Ranger. After his return 


to Canada, a number of local rangers assisted, 


with one taking charge for several years. For the 
final two years there were again several rangers 
involved, highlighting the lack of continuous 
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scientific supervision. The implementation of 
recommendations made in 2012 (Tolsma and 
Cheal 2012) following the analysis of part of 
the data created inconsistencies in the database. 
Some of their other recommendations were 
impractical to implement because of the fac- 
tors affecting variability in data collection men- 
tioned earlier. This highlighted the disconnec- 
tion between the field and the desk. Long-term 
projects need scientists to design the collection 
and analysis of data, funding, expert local natu- 
ralists and a pool of volunteers. 

However, a database such as the one that 
eventuated at the Prom is valuable. It forms not 
only a baseline record of the state of a species 
but also could be used to provide information 
about vegetation communities, species compo- 
sition following fire, the likely long-term effects 
of a fire and as a comparison or support of the 
work of others. For example, Morgan and Nield 
(2011: 59) investigated the effects of fire (2005) 
severity on B. integrifolia in coastal plant com- 


munities at the Prom and found: 
The widespread senescence of Banksia integrifolia 
stands, the high levels of fire-induced tree mortal- 
ity, low and patchy seedling recruitment after fire, 
as well as high density of Leptospermum laeviga- 
tum seedlings in woodlands after fire, all point 
towards a complete state change of burnt Banksia 
woodlands at Wilsons Promontory. 


Our data showed that B. integrifolia was un- 
der stress before the fire (54% dead trees) (Ta- 
ble 2); that post-fire the majority of trees were 
dead (70%) (Table 2); and that surviving trees 
were deteriorating, e.g. a general decrease in 
minimum and maximum height (Table 3), that 
seedling regeneration was not high and that 
seedlings were not doing well (Table 4). Thus, 
in spite of changes in supervision and method- 
ology of the project and variation in quadrat 
numbers, our longer term data parallels the 
findings of Morgan and Nield (2011) and sup- 
ports their prediction that stand-level changes 
in dominance are likely to occur in B. integrifo- 
lia woodlands. 

This database recorded response to two fires. 
It highlighted the vulnerability of one species, 
Coast Banksia. It may be useful to correlate 
vegetation composition with small mammal 
populations. It may provide information for 
use in future management including controlled 
burns. The results presented here represent a 
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minute portion of the data held in the database. 
Further analysis of this extensive database may 
yield more information about vegetation com- 
munities and species composition following 
fire. 
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Ninety-nine Years Ago 
THE BLACK SNAIL 


By W. M. BALE, Kew, 20th May, 1920. 


At the January meeting of the Club (Vict. Nat., xxxvi, p. 134) a question was asked regarding the nature of 
the food of the Black Snail, Paryphanta atramentaria. In a paper by Miss Olive Davies, M.Sc, which ap- 
peared in the Proceedings of the Royal Society of Victoria in 1913, an account is given of the anatomy of this 
snail and of the allied species, P compacta, both of which are said to be carnivorous. Miss Davies says:— 
“The radula is large, as is usual in the carnivorous land mollusca.” This radula, or lingual ribbon, measured 
in the specimen examined by Miss Davies about 20 x 5 mm, which is about five times the area of that of 
an ordinary slug or snail of equal size. Miss Davies found in the radula about 98 rows, each containing 
approximately 118 teeth. A specimen of similar size recently examined bore about 108 rows, each 
containing on an average over 150 teeth. The teeth are sharp spines, with an inferior enlargement to 
strengthen their adhesion to the radula, and are curved—those near the middle slightly, but the marginal 
ones much more so, as well as being shorter. The radula strikingly resembles that of Testacella, a European 
slug bearing a rudimentary shell, and which is said to live on earthworms. The disposition of the teeth, and 
their form, are almost identical, except that in Testacella the points are barbed. The oceanic snail, Ianthina, 


which feeds on Acalephee, is said to have a radula of similar character. 


From The Victorian Naturalist XXXVI, p 53, September 9, 1920 
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Rare recent records and new localities for Kershaw’s Panda-snail 
Pygmipanda kershawi (Brazier, 1872) in the Snowy Mountains, 
New South Wales 


Michael J Murphy 


NSW National Parks and Wildlife Service, PO Box 952, Moama, NSW 2731 


Abstract 

This paper describes two new records of Kershaw’s Panda-snail Pygmipanda kershawi (Brazier, 1872) (Pulmo- 
nata: Caryodidae) from New South Wales, both representing new localities for the species. There have been 
very few records of this native land snail from the state in the last century. A record from the Khancoban area 
represents a northern extension of the species’ known range in New South Wales and a record from the Run- 
ning Waters area in the Snowy River valley is the southernmost in the state. Pygmipanda kershawi is considered 
to be of conservation concern in New South Wales. (The Victorian Naturalist, 136 (3), 2019, 109-112) 


Keywords: Pygmipanda kershawi, Kershaw’s Panda-snail, land snail distribution, New South 


Wales, conservation status. 


Introduction 

Kershaw’s Panda-snail Pygmipanda kershawi 
(Brazier, 1872) (Caryodidae) is a large native 
land snail with a shell size of about 35-60 mm 
(Stanisic et al. 2010). Like other caryodid land 
snails, PB kershawi is nocturnally active and 
is herbivorous, grazing on fungi and decay- 
ing plant material (Stanisic et al. 2010). The 
species is found under grass tussocks, leaf lit- 
ter and woody debris in woodland, dry open 
forest and tall forest from east Gippsland and 
north-eastern Victoria to the Snowy Mountains 
in southern New South Wales (NSW) (Smith 
and Kershaw 1979; Smith 1992; Stanisic et al. 
2010). Although relatively common in Victoria, 
it is uncommon in NSW (Stanisic et al. 2010), 
with only five known localities (Atlas of Living 
Australia, Australian Museum and Queensland 
Museum collection data). This paper docu- 
ments two recent opportunistic records of the 
species in NSW. 


Observations and previous NSW records 

A single P. kershawi dry shell (Fig. 1) was found 
on the ground surface and collected by the au- 
thor during fire-fighting work in Kosciuszko 
National Park, NSW, 12 km east of the NSW- 
Victorian border and 11 km north of the town 


of Khancoban (Fig. 2), on 3 March 2019. The» 


shell was of a sub-adult animal, with a height of 
29 mm. The site was at Easting 605090 North- 
ing 6002080 GDA94 Zone 55, located east of 


Vol 136 (3) 2019 


Fig. 1. Pygmipanda kershawi shell found north of 
Khancoban, NSW, in March 2019, with Australian 
five-cent coin for scale. Photo MJ Murphy. 


Swampy Plains Creek Road at an elevation of 
940 m Australian Height Datum (AHD), situ- 
ated mid-slope with a westerly aspect, above 
a gully at the headwaters of Welumba Creek 
(Tooma River catchment). Vegetation at the site 
was montane eucalypt open forest. The nearby 
gully contained tree ferns. 

A second recent NSW record came to light 
during the preparation of this paper. A live P 
kershawi (Fig. 3) was found during vegetation 
survey work in the Snowy River valley, Ko- 
sciuszko National Park, 1.3 km west of the Run- 
ning Waters campground and 6 km north of the 
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Fig. 2. Records of Pygmipanda kershawi in southern 
NSW and northern Victoria. Current records shown 
by black squares and previous records from the At- 
las of Living Australia and Australian Museum and 
* Queensland Museum collection data shown by black 
triangles. Dates shown for NSW records and some 
Victorian records. The shaded area shows Kosciuszko 
National Park and the dotted line shows the Great 
Dividing Range. 
NSW-Victorian border (Fig. 2), in November 
2018 (M Schroder, NSW National Parks and 
Wildlife Service, pers. comm., May 2019). The 
snail was active by day under rainy conditions 
and was crawling on a lichen-encrusted rock 
surface. The site was at Easting 623940 North- 
ing 5924750 GDA94 Zone 55, located west of 
Barry Way at an elevation of 400 m AHD and 
situated mid-slope with an easterly aspect. Veg- 
etation at the site was White Cypress Pine Cal- 
litris glaucophylla open forest on rocky ground. 
Previous records of P. kershawi in NSW are 
summarised in Table 1 and shown in Fig. 2. 
Records from adjacent areas in Victoria are also 
shown. Three of the NSW localities for P. ker- 
shawi are based on specimens collected in the 


early 20th century, another is undated but is — 
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Fig. 3. Live Pygmipanda kershawi found in Running 
Waters area (Snowy River valley), NSW, in November 
2018. Photo M Schroder. 


reported to be from very old _ historical 
collecting (D Potter, Queensland Museum, 
pers. comm., March 2019) and one (based on 
shell fragments only) is from an Australian 
Museum field survey in 1993 (M Shea, Austral- 
ian Museum, pers. comm., March 2019). 

The Khancoban record is from the inland 
watershed of the Great Dividing Range, while 
the Running Waters record is from the coastal 
watershed. The majority of P. kershawi records 
from NSW and north-eastern Victoria are from 
the coastal watershed (Fig. 2). Nearby inland 
watershed records from the Corryong area in 
Victoria date from the 1970s. 


Discussion 

The two recent records of P. kershawi reported 
here are significant as there have been very few 
records from NSW in over 100 years. In con- 
trast, there are 141 museum specimen-based 
records of the species in Victoria (predomi- 
nantly Museums Victoria but also Australian 
Museum, Queen Victoria Museum and Art 
Gallery, and Queensland Museum (Atlas of 
Living Australia)). All of these records date 
from post-1950 and 23 are post-1990. The low 
number of records in total from NSW com- 
pared to Victoria may in part be related to sur- 
vey effort, but is likely to also reflect a real scar- 
city and low population density at the northern 
extremity of the species’ range. Malacological 
field trips to Kosciuszko National Park by 
Australian Museum staff in 2006 and 2013 
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Table 1. Previous records of Pygmipanda kershawi in NSW. 
Specimen Date of collection Locality Location Source of record 
C.55265 1900 Jindabyne 36° 25'S, Australian Museum 
148° 37° E collection data 
C.12310 1902 Paupong Range, 36° 40’ S, Australian Museum 
Snowy River 148° 37 E collection data 
C.63319 1914 Upper Moonbah _—_—_36° 30 S, Australian Museum 
River 148° 33° E collection data 
M07139 & Undated - very old Mt Kosciuszko BOW? Jase Queensland Museum 
M07140 historical collection 148°15° E collection data and D 
Potter, Queensland 
Museum, pers. comm. 
Shell fragments 1993 Barry Way, south 36° 41’ S, M Shea Australian 
of Ingebyra, on 148° 27° E Museum pers. comm. 


boundary of 
Kosciuszko NP 


found no sign of P. kershawi (M Shea, Austral- 
ian Museum, pers. comm., March 2019). 

The 2019 Khancoban record represents a new 
locality for P. kershawi and a northern exten- 
sion of the known range in NSW, expanding 
the species’ documented extent of occurrence 
in the state from 669 km? to 1294 km? (based 
on minimum convex polygons enclosing all re- 
cords). This record is also significant as one of 
very few inland watershed records of P. kersha- 
wi in either NSW or Victoria in the last 40 years 
(Atlas of Living Australia). The 2018 Running 
Waters record also represents a new locality, the 
southernmost in NSW and close to a concen- 
tration of records in the Suggan Buggan area in 
Victoria (Fig. 2). It further expands the NSW 
extent of occurrence to 1601 km. Together, 
these two new records have more than doubled 
the known extent of occurrence of P. kershawi 
in NSW. 

Eight land snail species and one land snail 
community are currently listed as threatened 
in NSW under the NSW Biodiversity Conserva- 
tion Act 2016 (current to May 2019): two spe- 
cies from the highly developed Cumberland 
Plain in western Sydney, one from the highly 
developed coastal plain in the Ballina-Tweed 
Heads area on the NSW north coast and five 
from Lord Howe Island (where four are re- 
stricted to mountaintops). The listed land snail 
community (comprising 18 species includ- 


ing eight that are endemic to the community) is* 


restricted to Mount Kaputar, an isolated high el- 
evation mesic refuge on the dry western slopes 
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of northern inland NSW (Murphy and Shea 
2015). Four Victorian land snail species found 
in the Otways, Grampians and South Gipp- 
sland are currently listed under the Victorian 
Flora and Fauna Guarantee Act 1988 (current 
to May 2019). Although not currently identi- 
fied as threatened in either state, P kershawi is 
considered to be of conservation concern in 
NSW. It is restricted to the Snowy Mountains 
with apparent low population abundance and 
is likely to be threatened by anthropogenic 
climate change. Elevation-restricted montane 
ecosystems and the species they support are 
considered particularly susceptible to anthro- 
pogenic climate change (Brereton et al. 1995; 
Hughes 2003; Green et al. 2008; Laurance et 
al. 2011). Land snails are considered particu- 
larly vulnerable to climate change because of 
restricted distributions and poor dispersal abil- 
ity (Pearce and Paustian 2013; Beltramino eft al. 
2015; Annegret and Ansart 2017), The records 
of P. kershawi documented here contribute to 
our knowledge base for the species. 
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Abstract 

Extreme climatic events, such as droughts, have the potential to increase recruitment failure in populations of 
pool-breeding amphibians. An isolated population of the Southern Toadlet Pseudophryne semimarmorata in 
Donvale, Victoria (20 km east of Melbourne), was monitored at the end of the Millennium Drought during Oc- 
tober 2009, October 2010 and November 2010 to determine whether it was successfully recruiting. Although 
tadpoles perished at the end of October 2009 as a result of the breeding depression drying up, newly emerged 
metamorphs were observed in the following season (November 2010), subsequent to the drought breaking. 
Given that P. semimarmorata breeds in temporary or seasonally dry situations and the tadpoles take a rela- 
tively long time to complete metamorphosis, projected eseciialzelires in rainfall and increases in drought 
frequency in south-eastern Australia have the potential to pose a significant threat to this species. (‘The Victorian 


Naturalist, 136 (3), 2019, 112-116) 


Keywords: Pseudophryne semimarmorata, Southern Toadlet, drought, rainfall, recruitment 


Introduction 

The Southern Toadlet Pseudophryne semi- 
marmorata lays its eggs on land in damp gul- 
lies, basins and depressions that progressively 
fill with autumn and winter rainfall. Breeding 
typically occurs from March to May, with males 
preparing nest sites located among grass roots, 
under leaf litter or beneath other debris 
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(Woodruff 1976a) (Fig. 1). Nests are typi- 
cally concealed, shallow excavations of ap- 
proximately 3-5 cm in diameter and, where 
situated in discrete depressions, are almost 
always positioned above the base and on the 
sides (C Cleeland, pers. obs.). The males are be- 
lieved to maintain a territory around the nest, 
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which they leave when it floods at the end of 
the breeding season (Woodruff 1976a). 

Tadpoles develop in the egg for a minimum 
of 42 days (Anstis 2017; Woodruff 1972), and 
hatching occurs when either the egg nest is 
inundated by rising water or the embryos are 
washed into the base of the depression. In the 
absence of flooding rains, development of the 
embryos pauses at Gosner 1960, stage 28 and, 
provided conditions remain favourable, may 
remain viable for over 235 days (Woodruff 
1972). Tadpoles complete metamorphosis from 
late spring to early summer after a development 
period of 6-8 months (Martin and Littlejohn 
1982). Captive P. semimarmorata may reach 
sexual maturity within 1-4 years and live up 
to 15 years (G Marantelli, pers. comm., August 
2014), while individuals have been recaptured 
for up to ten years in the wild (C Cleeland, un- 
publ. data, 2009). 

Pseudophryne semimarmorata is thought to 
have declined across much of its range in Vic- 
toria, resulting in its State listing as Vulnerable 
(Department of Sustainability and Environ- 
ment 2013). Factors suspected of contributing 
to its decline include spread of the amphibian 
chytrid fungus Batrachochytrium dendrobatidis 
as well as habitat loss and degradation (Howard 
et al. 2010; Tiljak 2010). 

A P. semimarmorata population in the outer 
eastern suburb of Donvale (20 km east of Mel- 
bourne), Victoria, was monitored at the end 
of the Millennium Drought in October 2009, 
October 2010 and November 2010 to deter- 
mine recruitment success. The site is thought 
to be the oldest known currently extant locality 
for the species, with one of six paralectotypes 
collected there or nearby in 1980 (Museums 
Victoria specimen number D7259). 


Observations 

The Pseudophryne semimarmorata population 
in Donvale (37°48' S, 145°12' E) was visited to- 
wards the end of the drought on 1 May 2009, 
at which time several frogs were heard calling 
around the edge of an approximately 15 m x 5.5 
m x 50 cm deep breeding depression. At least 
one male was found with a clutch of eggs. 


‘The depression, located near a small tributary . 


of the Mullum Mullum Creek, was created pri- 
or to 1990 when the land was in private owner- 


Vol 136 (3) 2019 


Contribution 


Fig. 1. Male with “ss nest at the Donvale breeding 


depression in 2007. Photo by Craig Cleeland. 


ship. While flooding at many breeding sites is 
augmented by a gradual rise in the water table 
after autumn rains (Woodruff 1976a), the Don- 
vale site is perched approximately 2 m above 
the bank of the tributary, and filling is likely to 
rely mainly on the pooling of surface water af- 
ter rainfall. 

The clay sub-surface soils at the site have im- 
peded permeability, and vegetation in the base 
of the depression consists largely of the intro- 
duced Carpet Bentgrass Agrostis stolonifera, 
Weeping Grass Microlaena stipoides, Broom 
Rush Juncus sarophorus and club-sedge Isolepis 
sp. The site supports a sparse cover of over- 
hanging canopy trees and shrubs, including 
some which are growing in and at the edges of 
the depression, such as Hop Goodenia Good- 
enia ovata, Sweet Bursaria Bursaria spinosa and 
Prickly Currant-bush Coprosma quadrifida. 

The site was visited once a week in October 
2009, when P. semimarmorata tadpoles were 
observed swimming in 10-20 cm of water. On 
29 October, after three days with little or no 
cloud cover and maximum temperatures ex- 
ceeding 20°C, the depression was dry and all 
tadpoles (some identifiable as being between 
stages 30-34; Gosner 1960) had perished. 

The site was not revisited until October 2010 
when tadpoles were again observed in the de- 
pression. The progress of the tadpoles was fol- 
lowed fortnightly until 22 November, when 
several metamorphs were found around the 
water's edge (Fig. 2). A number of tadpoles ap- 
proaching the end of their development (stages 
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43-45; Gosner 1960) remained in the water, 
close by on exposed mud or amongst moist leaf 
litter, and are expected to have completed their 
development given standing water remained at 
the site into December. 

It is unlikely that there had been earlier breed- 
ing in either year (i.e. with metamorphosis oc- 
curring before the initial October visits) given 
eggs are typically laid in autumn and the rela- 
tively long time taken for tadpoles to develop 
(Martin and Littlejohn 1982). 

Monthly rainfall for the two years when obser- 
vations were made is presented in Fig. 3 along 
with average monthly rainfall for the years 


Fig. 2. Recently metamorphosed Southern Toadlet 
Pseudophryne semimarmorata at the Donvale site in 
November 2010. Photo David De Angelis. 


Rainfall (mm) 


8 68 8 8 


Fig. 3. Monthly rainfall for Mitcham-Ringwood 
North over the two years when observations were 
made, plotted with average monthly rainfall over 76 
years (BoM 2014). 


114 


1937-2013 (Bureau. of Meteorology [BoM] 
2014). Rainfall data for most months over the 
two years when observations took place were 
obtained for Mitcham, apart from April 2009 
and August 2010 for which data were miss- 
ing. These were obtained from the next closest 
station (Ringwood North). It is apparent that, 
although rainfall was greater than double the 
average in September 2009, drought conditions 
returned in the following month when stand- 
ing water in the depression evaporated. While 
rainfall was slightly below average in Septem- 
ber the following year, rainfall in October and 
November 2010 was well above average, allow- 
ing the tadpoles to successfully complete meta- 
morphosis. 

Although the site was not visited again in the 
immediate years afterwards, two males were 
heard calling from the depression on 19 April 
2017. 


Discussion 

The fate of tadpoles towards the end of 2009 re- 
flected local drought conditions, even though 
rainfall in September was well above average. 
Although rainfall remained variable thereafter, 
fewer months experienced lower than average 
rainfall and tadpoles metamorphosed success- 
fully in 2010. 

It is not known when the population last re- 
cruited successfully before 2010. It is likely that 
some years during the drought (e.g. 2000 and 
2003) (BoM 2014) had relatively consistent 
springtime rainfall and milder temperatures 
than in 2009, which may have been sufficient to 
ensure water remained in the depression until 
the metamorphs emerged. 

Woodruff (1976a) noted that exceptionally 
long dry periods may kill Pseudophryne eggs 
laid early in the breeding season, and observed 
the staggering of breeding activity with succes- 
sive clutches laid in late May after nests initially 
failed in April. The robust morphology of the 
egg capsules and variability in time to hatching 
(Woodruff 1976b) may serve to withstand des- 
iccation, except in abnormally dry conditions 
but, because of the relatively long time taken to 
complete metamorphosis, it may be more likely 
that tadpole mortality would occur. 

As observed in the Donvale P semimarm- 
orata population, tadpole mortality due to 
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early pool drying has been reported in other 
Pseudophryne species from south-eastern Aus- 
tralia with similar breeding habits, including 
P. australis (Thumm and Mahony 1999, 2006), 
P. bibronii (Byrne and Keogh 2009) and P. cor- 
roboree (Hunter 2000). 

Tadpoles of P australis exhibit limited abil- 
ity to accelerate metamorphosis when faced 
with receding water levels, although are asyn- 
chronous in their development so that some 
individuals complete metamorphosis earlier 
than others (Thumm and Mahony 2006). De- 
velopment of P. semimarmorata tadpoles may 
be greatly accelerated under certain captive 
conditions, including at higher temperatures 
(G Marantelli, unpubl. data), but the extent 
that tadpoles of P. semimarmorata may be able 
to accelerate metamorphosis to avoid desicca- 
tion in the field is unknown. The observation 
detailed in this report, as well as personal ob- 
servations (C Cleeland, unpubl. data, 2004), 
suggest this ability may be limited, although 
the Donvale population showed some stagger- 
ing in the development of tadpoles at the time 
metamorphs were observed in 2010. This could 
have allowed some individuals to survive over 
those that developed more slowly if the depres- 
sion had dried. Similar staggering of tadpole 
development or ‘bet-hedging’ in the P. bibronii 
complex was noted in the laboratory (Wood- 
ruff 1972). 

The apparent longevity of this species in the 
wild (at least ten years observed; C Cleeland, 
unpubl. data, 2009) is also likely to provide 
some buffering against successive reproductive 
failures, although this may be reduced in the 
case of particularly long droughts. 

In south-eastern Australia, it is projected that 
climate change will result in an increase in the 
number of days without rain, with a significant 
reduction in average rainfall during winter and 
spring (Watterson et al. 2007). Droughts over 
most of Australia are expected to occur more 
frequently, particularly in relation to deficien- 
cies in soil moisture driven by changes in rain- 
fall and potential evaporation (Mpelasoka et al. 
2008). These changes are likely to particularly 
affect frog species that breed in temporary wa- 
ter bodies, given the increased vulnerability of 
their eggs and larvae to desiccation (Blaustein 
et al. 2010). 
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For these reasons, it has been argued that the 
manipulation of habitat, including increas- 
ing the depth and density of breeding pools, 
might be critical for the future persistence of 
Pseudophryne pengilleyi (Scheele et al. 2012). 
The feasibility of such actions for helping to 
conserve this and other Pseudophryne species 
with similar breeding habits is supported by 
observations of higher breeding densities and 
better water retention in pools and drainage 
lines created by wombats, feral pigs and road- 
works (Scheele et al. 2012; B Jenner, pers. obs., 
May 2013). 

Shoo et al. (2011) proposed the necessity of 
experimental manipulations of habitats under 
altered rainfall regimes to extend hydroperiods 
until tadpoles have completed metamorpho- 
sis. Possible actions include irrigation, infill- 
ing drainage lines and manipulating vegetation 
to manage evapotranspiration. Experimental 
manipulations of water potentials have previ- 
ously been undertaken at a breeding site for P 
bibronii, with irrigation taking place every 2-3 
days before and during breeding until there was 
sufficient natural rainfall later in the season to 
keep sites hydrated (Mitchell 2001). These trials 
resulted in significant increases in calling activ- 
ity, an increase in the number of matings and 
improved hatching success. 

Such manipulations may not be appropriate 
or necessary in every situation, including at 
Donvale, given the population seems to have 
persisted after the drought, although it remains 
to be seen for how long this will continue. Few 
examples exist of successful manipulations of 
breeding habitats (Shoo et al. 2011) and in- 
terventions should be considered with a high 
degree of caution where populations may be 
vulnerable to local extinction. Importantly, any 
trials must be undertaken experimentally or on 
an adaptive basis and be thoroughly monitored 
and reported. 

Increasing the availability of potential breed- 
ing sites within the dispersal range of existing 
populations may also be of value for bolstering 
capacity and better ensuring against stochastic 
events that may lead to local extinction. 

While it is also possible that amphibian 
chytrid fungus has played a role in the decline 
of PR semimarmorata, sampling has so far 
been too limited to yield conclusive results 
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(Howard et al. 2010; Tiljak 2010). This, along 
with the likely implications of climate change 
for the persistence of P. semimarmorata, raise 
important questions requiring detailed study if 
we are to inform future management aimed at 
mitigating the species’ decline. 

While the limited observations presented 
here have little bearing on understanding local 
population dynamics during the Millennium 
Drought, the pending analysis and publication 
of the study undertaken at Healesville during 
that time is likely to be more informative, al- 
though it is possible that changes to groundwa- 
ter hydrology may have also contributed to the 
decline there. 
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Problems for the Yellow Admiral butterfly Vanessa itea 
at Notting Hill, Victoria 


Introduction 

The Yellow Admiral butterfly Vanessa itea, also 
known as Australian Admiral (Figs 1a and 1b), 
is native to Australia, New Zealand, Lord Howe 
Island and Norfolk Island (Wikipedia website). 
It lives in a variety of habitats, and it is consid- 
ered to be generally common and widespread. 
Larval food plants belong to the nettle family 
Urticaceae, and include stinging nettles Urtica 
incisa and U. urens (Braby 2004). 


Yellow Admirals at Notting Hill 

During spring in 2018, a host of stinging net- 
tles U. urens sprang up in the fallow area of our 
vegetable garden (Fig. 2). Knowing that they 
would produce an enormous quantity of seeds, 
my husband (Jurrie) wanted to dig them in, but 
I persuaded him to let them flourish, to provide 
an opportunity for Yellow Admirals to breed. I 
looked forward to seeing many of these colour- 
ful butterflies in our garden. 

However, Yellow Admirals seemed to be in 
unusually short supply, and only occasionally 
did I see one visit the nettles. I didn’t manage 
to find any eggs (stinging nettles don't provide 
a welcoming environment!), but in due course 
caterpillars hatched and made shelters (larval 
tents) by folding a nettle leaf and securing it 
with caterpillar silk (Fig. 3). The young ones 
stayed in their shelters during the day and fed at 
night, while the older, larger ones often fed dur- 
ing the day (Fig. 4). Sometimes I would see one 
nibbling the margin of the leaf in which it was 
sheltering. Caterpillars about to pupate varied 
in colour (Figs 4, 5 and 6). 

Pupation took place during November and 
December. Smithers (2017) states that the cat- 
erpillars leave their food plant to pupate, while 
Field (2013: 202) says ‘Larvae pupate out of 
the shelter on the food plant or on a nearby 
object... As far as I could tell, all those at our 
place pupated on the plants where they were 
living (e.g. Figs 5, 6 and 7). 


Chrysalides and parasitic wasps 
As soon as a caterpillar began to pupate, tiny 
parasitic wasps Pteromalus sp. laid eggs in it 
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Fig. la. Yellow Admiral butterfly Vanessa itea at 
Black Rock, Victoria. Photo John Eichler. 


wings closed, at Black Rock, Victoria. Photo John 
Eichler. 


& 
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Fig. 2. Stinging nettles Urtica urens at Notting Hill. 
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Fig. 3. Caterpillar shelter (larval tent) made from a ~* 


folded stinging nettle leaf. 


(Fig. 6). By the following morning the outer 
caterpillar skin had been discarded, revealing 
the spiky yellowish brown chrysalis—a re- 
markable transformation (Fig. 7). Wasps were 
still present on the chrysalis at this stage but, 
once the shell of a chrysalis had hardened, their 
ovipositors could no longer penetrate it (Smith- 
ers 2017). 

The caterpillar shown in Fig. 6 was photo- 
graphed on 5 December 2018. On 8 December 
I removed a 15 cm long section of the nettle 
stem it was attached to, and placed it in a sawn- 
off empty plastic water bottle with a wet paper 
towel in the bottom and a handkerchief held by 
a rubber band over the top. I kept the container 
in a shady area, and from time to time added a 
little water to prevent the nettle and chrysalis 
from drying out in the summer heat. 

On 22 December, 17 days after the female 
wasps deposited their eggs in the pupating cat- 
erpillar, the next generation of wasps emerged 
through holes they made in the chrysalis wall 
(Fig. 8). A close-up photo of one of the wasps 
is shown in Fig. 9. Mating took place almost 
straight away. A male would position himself 
on top of a female and stroke her on or near 
her head with his forelegs prior to mating (Figs 
10 and 11). These actions were repeated several 
times in quick succession. 


Investigation of two chrysalides 

All except two of about 20 chrysalides I found 
on the nettles had one or more holes in them 
where wasps had emerged. I kept the two dif- 
ferent ones for further examination. The first 
appeared normal, so I put it in the freezer 
overnight and opened it next day. At least 80 
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Fig. 4. Yellow Admiral caterpillar feeding during the 
day. 


Fig. 5. Light brown Yellow Admiral caterpillar start- 
ing to pupate. A parasitic wasp Pteromalus sp. can be 
seen on the right-hand side of the photo. 
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Fig. 6. Female parasitic wasp Pteromalus sp. laying 
eggs in a Yellow Admiral caterpillar that is starting 
| to pupate. 
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Fig. 8. Close-up of exit holes made in a chrysalis by _ Fig. 9. Close-up of parasitic wasp Pteromalus sp. 
parasitic wasps Pteromalus sp. Photo Jurrie Hubregtse. Photo Jurrie Hubregtse. 
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Fig. 10. Male parasitic wasp Pteromalus sp. stroking Fig. 11. Parasitic wasps Pteromalus sp. about to mate. 
female's head prior to mating. 
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4 0 a ———— 
Fig. 12. Some of approximately 80 parasitic wasps 
Pteromalus sp. packed inside a chrysalis that was fro- 
zen overnight. 


Fig. 14. Lynx spider Oxyopes sp. protecting its egg 
case on the underside of stinging nettle leaf. 


well-developed wasps were tightly packed in- 
side (Fig. 12). The second chrysalis had turned 
black while on the nettles, maybe infected by 
bacteria or fungi. I broke it open and found 
dead pale wasp nymphs inside (Fig. 13). 
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Fig. 13. Dead parasitic wasp nymphs Pteromalus sp. 
inside the chrysalis that went black. 


Other enemies of the caterpillars 

Birds 

By 27 December our resident pair of Blackbirds 
Turdus merula had raised one fledgling. Jurrie 
saw the parent birds picking caterpillars off the 
nettles, giving them a couple of whacks on the 
wooden plot frame, then feeding them to their 
hungry youngster. 


Praying Mantises and spiders 

New Zealand website Taranaki Educational 
Resource Research Analysis and Information 
Network (2018) notes that predators of Yellow 
Admiral caterpillars include praying mantises 
(which I haven't seen here for several years) 
and spiders. I found one Lynx spider Oxyopes 
sp. protecting its egg case on the underside of 
a nettle leaf (Fig. 14). It may have fed from Yel- 
low Admiral caterpillars: spiders in this genus 
are known to prey on Lepidoptera (moth and 
butterfly) larvae (Memah et al. 2018; Husneyov 
2006, 2007). 


Humans 

Keane (2014) remarked that it is hard for cat- 
erpillars to survive in a human environment 
because most people have no idea what moths 
and butterflies need for their continued sur- 
vival: food plants can be destroyed unwittingly 
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before their unseen occupants have a chance to 
metamorphose. 

Humans are sometimes responsible for in- 
troducing organisms that cause unforeseen 
problems in the environment, the Cane Toad 
Rhinella marina being a well-known example. 
In New Zealand, parasitic wasps Pteromalus 
puparum were brought in to reduce the num- 
ber of Cabbage White butterflies Pieris rapae 
(Hufaker and Messenger 1976). For the same 
reason, P. puparum was introduced into Aus- 
tralia (Hufaker and Messenger 1976) by CSIRO 
between 1940 and 1951 (Kitching et al. 1999). 
Unfortunately, these wasps also parasitise na- 
tive butterflies such as the Yellow Admiral 
(Smithers 2017). 

I sent some parasitic wasp specimens to the 
Discovery Centre at Queensland Museum, 
where Dr Chris Burwell (Senior Curator, En- 
tomology; pers. comm., 15 March 2019) identi- 
fied them as Pteromalus sp. and suggested that 
although they could be identified only to genus 
level, my description of them indicated that 
they could well be PB puparum. 


The outcome 

Once I had established the alarming and dis- 
appointing fact that all the chrysalides I could 
find had been parasitised, I pulled out the net- 
tle plants and left them to decompose on the 
ground, where they dried out and dropped 
their dreaded abundance of seeds. 

I haven't seen a Yellow Admiral in this area 
since 7 January 2019; the one I saw had dam- 
aged wings and was probably nearing the end 
of its life. After witnessing the devastating effect 
that Pteromalus wasps can have on this species, 
I wonder if I will see it here again. Cabbage 
Whites remain common, though in slightly re- 
duced numbers. Perhaps Yellow Admirals are 
an easier target for the wasps? 

As for all those nettle seeds, although Spot- 
ted Doves Spilopelia chinensis (Fig. 15) fed on 
them daily for nearly three months, thousands 
more germinated after a few millimetres of rain 
in April 2019! 
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Tribute 


Raymond Harold Power 


10 February 1929 -16 May 2019 


The Field Naturalists Club of Victoria (FNCV) 
recently lost the epitome of a true naturalist 
and a tireless volunteer, with the passing of Ray 
Power on 16 May 2019, at the age of 90. Ray 
was a member of the FNCV for 34 years, hav- 
ing joined on 5 April 1985. He was elected to 
the FNCV Council in April 1993, subsequently 
serving as a Council member until May 2002. 
He then became the representative for the 
Microscopy Special Interest Group (SIG) on 
Council, until 2014. 

One of Ray’s most significant roles in the 
FNCV was as convenor of the Microscopy 
Group, a position he held for 16 years from May 
1993 until June 2009. His knowledge of all as- 
pects of microscopes and slide preparation was 
extensive and he did much to educate and as- 
sist others. As the SIG convenor, Ray published 
38 reports of Microscopy Group meetings be- 
tween 1993 and 2010, in Field Nats News, the 
FNCV’s monthly newsletter. In October 2002 
he presented a talk to the Group. 

In the period beginning in late 1993, leading 
up to the move of the Club from the Herbarium 
to its permanent home in Blackburn, Ray was 
a member of the Relocation Working Group. 
He was also a member of the 1996 negotiating 
committee, when it was decided to make an of- 
fer on the Blackburn property. 

A service to celebrate the life of Ray Power was 
held at his childhood home, Caroma Home- 
stead (now a restaurant) in Mernda, on 27 May. 
From loving tributes given by his brothers and 
nieces and nephews we learned of his interest in 
fishing, gardening and cooking, that he enjoyed 
classical music, played several musical instru- 
ments, had roles in musical productions and 
was a member of the Melbourne Choral Society. 

In addition to microscopy, Ray’s curiosity and 
love of learning were far-reaching, encompass- 
ing all aspects of natural history and science. 
His family recall him frequently saying, ‘some- 
one should be working on that? 

Ray lived in Mernda all his life, which meant 
travelling a long distance to the FNCV. This was 
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never an issue; as well as all of his involvements 
listed above, Ray contributed to the life of the 
Club in many ways. For example, in Novem- 
ber 1997 he became involved in collating Field 
Nats News, a role that he continued until Janu- 
ary 2014. Ray took over the responsibility of 
ensuring that the newsletters were sorted into 
appropriate categories, completed the required 
Australia Post paperwork and then lodged the 
trays of collated newsletters at the post office. 
He was always a generous and willing helper 
at Club functions, setting up the hall for meet- 
ings, stacking chairs afterwards, assisting in the 
kitchen and at working bees in the garden. 

It can be said that Ray 
Power lived and breathed 
the Club. The FNCV 
extends its deepest con- 
dolences to his family. 


Joan Broadberr 
(with thanks to Gary Presland) 
Field Naturalists Club of Victoria 
PO Box 13 
Blackburn, Victoria 3130 


The Victorian Naturalist 


Book Review 


Reptiles & Amphibians of Australia: Updated Seventh Edition 


by Harold G Cogger 


Publisher: CSIRO Publishing, Clayton South, October 2018. 1096 pages, hardback, colour 
photographs, illustrations and maps. ISBN 9781486309702, RRP $160.00 


The Reptiles & Amphibians of Australia series 
by Harold Cogger continues into its fifth dec- 
ade and the newest, seventh edition (updated in 
2018) adds to the series’ rich history. Australia 
has always fascinated herpetologists and this 
newest book showcases the diversity and species 
richness of the herpetofauna of this sun-burnt 
continent. Modern taxonomy’s growing ability 
to distinguish and describe new taxa is demon- 
strated by the 82 new species added to the sixth 
edition (2014) and over 600 additions that have 
been made since the first edition (1975). This 
is evidence of increasing reliance on genetic 
analysis to determine species boundaries, but 
also of the sheer volume of work being under- 
taken on reptiles and amphibians in Australia. 
‘The role that Cogger’s previous versions played 
in laying the foundation for this expansion of 
our knowledge of the composition and distri- 
bution of Australian reptiles and amphibians 
cannot be overstated. Just look at the number 
of reptiles named in Cogger’s honour. Cogger 
has again, in this updated version, masterfully 
detailed the changes and additions to Austral- 
ian herpetofauna. 

Reptiles & Amphibians of Australia explicitly 
sets out to describe all the reptiles and amphib- 
ians found in Australia, including all overseas 
territorial possessions. This is daunting in 
scope, as there are 1300 described species in 
this massive text. The book aims to allow posi- 
tive identification of specimens using a combi- 
nation of descriptions, maps, and embedded 
dichotomous keys, and it would certainly work 
for most specimens in-hand. It does not, how- 
ever, work as a field guide, primarily due to its 
gargantuan size (a whopping 3.3 kg in weight), 
and I am certain that was not the goal of the 
author. This newest version provides updates to 
taxonomy since the sixth edition in almost 30 
pages of appendix. 
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The general layout of the book follows typical 
field guides, yet with a level of detail impossi- 
ble to pack into a portable field guide. Some of 
this detail, most likely, will be appreciated only 
by true experts. The introduction is fabulous 
and does an amazing job of overviewing cur- 
rent trends in Australian herpetology and com- 
munity ecology. Specifically, the sections on 
zoological and common naming conventions, 
how distribution maps are created and how to 
interpret patterns of distribution, and identifi- 
cation techniques (how to use a dichotomous 
key) are particularly well done. The shorter sec- 
tions devoted to collecting/sampling methods, 
preservation of specimens (for museum qual- 
ity vouchers), captive management; introduced ° 
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(exotic) species, snakebite and how to treat 
bites also provide useful background informa- 
tion on important herpetological topics. 

Following the introduction, the rest of the 
book isa straightforward examination of the 
1300 species present on Australian territory. 
Each genus is also treated with a short de- 
scription, with most descriptions followed by 
an incredibly detailed dichotomous key for 
that group. The key is often accompanied with 
amazing line illustrations of the features best 
used to distinguish the species, with each spe- 
cies receiving a short description of morphol- 
ogy, distribution, and habits. All species have a 
map showing distribution on the continent and 
most have at least one high quality image. The 
large appendix in this updated seventh edition 
details all the changes made since the original 
seventh edition. 

Any publication of this size and scale, even 
one in its seventh edition, will produce minor 
problems. Its size (and resultant cost) is prob- 
ably its number one limitation. To reduce the 
number of pages, the dichotomous keys could 
be combined and offered as a separate appen- 
dix (a stand-alone key would be beneficial). I 
would personally like to see finer scale maps 
for some of the range restricted species. A large 
section of the introduction is spent discussing 
the merits and dangers of using different plot- 
ting techniques for distributions, and then all 
species are displayed on a continent-level map. 
A simple solution is to display state or territory- 
scale maps for the species endemic to a single 
political boundary. This will add to the descrip- 
tion of the species, while not giving away too 
much detail for threatened species. 

The layout and location of pictures is incon- 
sistent, with most species having a single high- 
quality image, but where that image appears 
in relationship to the text seems haphazard— 
some above, ‘some>below,.. some, on ‘the next 
page. I-haye similar ednéeriis. about this book's 
treatment of species that” experience extensive 
ontogenetic changes;~ few of these species are 
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given life-stage depictions (no tadpole diagrams 
for frogs or images of reptile subspecies/colour 
morphs are present). This inconsistency is car- 
ried over to the layout of the species accounts; 
some have detailed descriptions of life-history 
traits such as diet and habitat, others are lack- 
ing in detail. The latter may represent a true 
lack of knowledge about the species; if so, it 
could be stated more clearly, or some useful 
generalisations could be added (for example, 
about diurnal behaviour or insectivorous diet). 

Despite these observations, this grand guide 
to the reptiles and amphibians of Australia 
may be the most detailed and exhaustive con- 
tinental-level text available for any region's 
herpetofauna. From the checklist of species at 
the beginning to the incredibly detailed index 
and references at the end, all 1000+ pages of 
this tome will be useful to anyone trying to bet- 
ter understand the taxonomic relationships of 
Australia’s herpetofauna. The size and magni- 
tude of the details included in it may make it 
cumbersome for use in the field, but those same 
features will make it indispensable in a labora- 
tory or museum and it deserves a revered spot 
on the bookshelf of all herpetologists. 

As a recent transplant to Australia, I did not 
have the pleasure of growing up using the 
previous versions of Reptiles & Amphibians 
of Australia, but I can absolutely recommend 
this newest version to anyone interested in or 
working on Australian reptiles and amphib- 
ians. It has quickly become my go-to reference 
for identifying reptiles and amphibians. I also 
support Cogger’s call for a standardised list of 
all Australian reptile and amphibian common 
names. This wonderful book should be consid- 
ered as a potential starting point for that effort. 
I imagine that it will continue being updated 
and used by herpetologists well into its next 
half century. 


Matthew Anderson 


matt.anderson@monash.edu 
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